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5 LUV GG LKL OF TAlE PANK N Dele Mntesed)

Therefore, the USAM mng of Iluu-do-.u Chemical Area No. 2 was conduoted

in two phases: o survey of the GUSARC and Phase 1I was the
survey of the Bnnley Arn. - .

the findings of the GUSARC Ares survey (conducted January - NMay 1978) -
revealed the presence of heavy metal residues on the interior rurfaces of
buildings as well ar the presence of explosive residucs in the floor drains
of buildings. This {nforestion was transmitted to DOL in June 1879 to

provide guidance for their renovation and demolition activities in the
GUSARC Areca.

the findings of the Hanlty Ares survey (conducted August-!lwuber 1980)
showed htavy met.i residues to be present on the interior surfaces of all
buildings and in the squocus diacharge of the sewer system. Additionally,
explosive residues were found on the interiors of several buildings and
sagasines and in the water of several powder wells draining two buildings.

It is recommended that four buildings, eight magazines and all powder wells
be decontaminsted to resove the potential explosive hazard,
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The Basardous/Chemical Area Bo. 2 of the former 8t. Loule Ordnsnce Plant
(S10P) was surveyed for sxplosive and heavy metal contammicstion. A portien of
this“area was cccupied as the Goodfellow US Arwy Resetve Cemter (CUSANC) from
1960-1977 snd used for Arwmy Reserve operations and training; the remsinieg
portion was utilieed by Baniwy Industries, lnc. from 1959-1979 for the )
msnufacturing of explosive and pyrotecknic devices. The Departmeat of Labor
(DOL) desires dorh the CUSARC and the Hanley Areas for the site of a Job Corps
Center. The DOL had nead for the easrliest possible ure of the GUSARC Areca.
Therefors, the UBATIAMA survey of Raterdous/Chemical Avea Mo, 2 was conducted

f{o two phases: Phase 1 was the survey of the CUSARC and Phase 1l was the survey
of the Egnley Ares.

The findings of tha GUSANC Area survey (conducted January-Nay 1979)
gevealed tha presence of heavy matal residues on the interior surfaces of
bulldings as well as tha presance of explosive residues in the floor drains of
four buildings. This information was transmitted to DOL fn June 1979 to provide
guidance for their rsnovation and demolition sctivities in the GUSARC Area.

™he tindings of the Hanley Area survey (cenducted August-Novsader 1960)
showed heavy metal rusidues to de present on the interior surfaces of &l}
buildings and i{n the squeous dlscharge of thc sewer aystem, Additionally,
explosive residuss were found oo the interiore of several buildinge and
magazines and in the water of several powder welle draining two buildings. It
is vecommended that four duildings, eight magarines and all powder wells Do
deconteninated to remove the potential explosive hszard.
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Rezardous/Chericel Area W2, 2 (27.82 acres) of the foricr Bt, Louis Ordnance
Plaat (LLil) is dieived by Department of Labor (DOL) for use as & Job forps
training Center. This property is considered emcess to Army needs. The US Army
Toxic and Hazardous Materisls Agency (BSATHMA) was requested to study the
propgrty with respect to sscertaining the “status of contaminstion” snd to o ‘
datermine ths suitability of the property for release. .

The USATRAMA program was conducted in two phases due to DOL schedule \ }
considerations and the tequirements of en Army lesse with Hanley Industries. -
Bech phase consisted of thres otepa: historical review of property usage,

survey consisting of sempling and chemical analysis, end date evaluation.

Buring the period Jenuary through May 1979, a 13.2 acre portion of the property,

referred to as the Goodfellow US Army Reserve Center (GUBARC) Area, was

surveyed. The remaiaing 14.68 acres, referred to as the Hanley Ares, were

surveyed during the period August-November 1980,

The following sections of this document describe the results obtained and
faformation gathered by USATHAMA during its study of the Rasardous/Chemical Area
Wo. 3. Bection I1 and Appendix A provide the authority for the program,
Section 11X presents an overview of the technical prugram conducted by USATBAMA,
Section 1V provides bdackground information, primarily of a historicel nature.
The historical information in this section is extracted frow an archives search
which USATHAMA conducted; the couplete archives search is et appendix B.
Sactions V gad VI are descriptions of the sampling and analysis efforts
conducted at the GUSARC and Hanley Areas, vespectively. All analytical results
as well as laborstory quality coatrol data and method descriptions for the
analytical prograa are contained in appendices D, £, and F. Conclusions and
recommendations are found in sections VII and VIII, vespectively. This report
has been prepared in two volunes; volume (I contains appendices A through P,

$1. AUTRORITY. Authority for conducting this survey of the SLOP is contained
fa:

A. 1ot lndorsement, DRCIS-BP, DARCOM, to RQDA lstter (Decewber 18, 1980)
dated Janusry 17, 1979, subject: 1nstallation Restoration, Goodfellow US Army
Raserve Canter (Portion of Yormer St. Louls Ordnance Plant), Missouri.
(Document coatained at sppendix 3).

8. DARCOM Ragulation 10-30, May 22, 19279 which eatabliches the UE Arwy
Tozic and Haserdous Materiale Agency u\d its mission,

€. Pedarasl Register Vol. 45, No. 209, Oct 27, 1980 Amendumants to Real
Sstate Handdook, Bubpart F -~ Disposal.

111. SBSACKGROUNRD.

A. General. SLOP i» located within the city limits of St. Louis, Missouri
(rig 1).” The sros surrounding SLOP {e comeercial, vesidential and industrial.
The USATHAMA program addresses only the 27.RB acres comprising
Hazardous/Chenical Area No. 2 of the former o:dnance plant.

e B e T T
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B. Ristory.

1. 8t. Louis Ordnance Plant Overall Plant Operations
s. 1941-19%%

» (1) GCeneral: Construction was started during January 1941 and wae
completed in May 1942. Initial production, however, sterted as early as
Decenber 1941. During World Wer II, the 300-acre fecility was operated as a
Goverament-owned, coatractor-operated (COCO) plant for the production of small
sres smmunition (calider .30 ané .50) and components for the 105um shells.

(2) Major Contrector Operators:

(a) The United States Cartridge Cowpany (U. 8. Cartridge), s subsidiary
of Olin Industries, operated the ammunition plant for manufacturs of small arms
ssmunfcion and produced 67 million rounds. U. 8. Cartridge occupied planta Bo.
1 and 2 (Pig 2). Plant No. 1 comprised buildings in the 100 series and plant
Bo. 2, buildings in the 200 series.

[

(b) The McQuay-Norris Manufacturing Company operated the plant for
manufacture of cores for small eres ammunition and produced eight billion cores.
McQuay-Norris occupied the 113 building series on the extreme south eund, loeatod
south of highvay 70 on Goodfellow Blvd. near Natural Bridge Road.

{c) The Chevrolet-Shell Division of the Genearal Motors Corporation
opsrated the shell plant for the manufacture of 105mm shells. The facility
began production late in 1945 following the change over from small arms
smunition manufacturing. The number of shells produced is unknowm.

FYollowing deactivation of the plant in 1943, sll property and buildinge
sxcept the McQuay-Norris plent were transferred to the Seventh Service Command
for use as an administrative center for the Army Service Forces.

b. 1945-1939. From 1943 to 1951 the plant was utilized as & center for
wmaintsiniag end servicing recorde of the U, §, Army Adjutant General's Office
and the Pinance Center. During this pariod the plant was administered by the
8t. Louis Administration Center under the jurisdiction of the Fifth Army
flegicr. On Mav 1, 1952 the St. Louis Administration Center was discontinued and
fte tuaction trensferred to SLOP. These functions consisted of Army
housekeeping services to Army Finance Center. Effective | Deceadber 1957 the
SLOP was placed in an inactive status,

2. Hetardouve/Chemical Avea No. 2, 1941-194%

a., GCeneral. According to information provided by a former employee,
magnesium vas used 1n buildings 227A and B for tracer bullet manufacture. In
buildieg 23, on the extreme south end, lead styphnate and possibly tetrazene
were used in the manufacture of primers and several buildings vete used for
explosive mixing and stocage.
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' b. Decontamination. In 1943, following deactivation of SLOP, buildings
haviag explosive contaminaticn were decostaminated by the Army COE reportedly ia
accordance with vegulations of the Safety and Security Branch, Office, Chief of
Ordaence, Chicago. However, no vecords are aveiladle which describs the
procedures employed or the results obtained in the deconteminatiom project. All
speciel equipment peculisr to the production of small srws smmunition was
“2‘“‘ excess and recosmended for scrapping. All multi-purpose equipment wes
wads available to the Reconstruction Finance Corporatios for disposition.

3. BRszardous/Chemical Ares Ro. 2, 1945-1939, As bdulldings were made
svailable, the US Army Vinance Center uea them for classrooms until 1951. At
that time the sres was rehabilitated for small arms smunition msnufscture. The
wachinary was installed but production mever cosmenced. After the Koresn
Conflict, the machinery was vremoved and disposed of.

4. Basardous/Chemical Ares Bo. 2, 1959-1979.

s. General. Hanley Industries, Inc. (a sudeidiary of EDX Precision
Products) leased 14.68 acres of Rasardous/Chemical Ares Wo. 2 of SLOP from
September 1, 1959 to August 31, 1979, 1In the early 1960's, the Coodfellow US
Arwy Reserve Center (GUSARC) was established on the remaiaing 13 acres of
Hagsardous/Chemical Avea Ro. 2 (Pig. 3). Bhowm on Fipure & sre the

building/sagasine/bunker mumbers for the structures in both the GUSARC and
Banley Areas.

b. BRanley lodustries, Inc. (Banley) Operations.

(1) Nanufacturing Operstions

Banley operated equipment normally required for the synthesis receiving,
drying, screening, mixing, losding, pressing and testing of explosives. Hanley
did considerable work in the design of explosive trains and coeponents
(Table 1). Additionally explosive cowponents were loaded for ibe militery, and
the National Aeronsutical and Space Administration (MASA) (Tedle 2).

Most of Ranley's buildings were uvsed for londing detonators amd primers
and for explosive mixing (Table 3). Ruplosives were dried in magsasines 219¢C, B,
7, J and H by leaving cans of explosives (without 1lide) exposed to the air.

HBanley operated s leod aside rveactor in magasine 2198, Veed tanks were
loceted jusl outside the concrete wall, Two feed lines for the coaveyarce of
sodium szide and lead njtrate ran via overhead asupporte from the tanks to the
reactor (two pumpe were used), The tenks, feed lines and reactor have been

removed. Teble & liete the buildinge usage during Manley's lease.
A list of compounds which Nanley used (s shown on Table 3.

{2) Dieposal Opecratione.

Hanloy used none of the vnieting sunps or powder welle located on the
property. Paper snd cloths contaminated with explosives were burned in the
beseacnt of 218C. Open burning of cxplosives was also conducted in magasines
21%r and J. All other explosives wastes were transported to Fort Leonard Wood
tor disposal.
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TABLE 1
Hanley Industries
Explosive Traine and Components Designesd *

Bxplfsive bolte
Cord cutters

Solt cuttars . i
Battery activistion carteidgas
Cartridges to spin up a 'lymcopo
Balloon inflaters

Bellc.. and piston motoze
Psllets of explosives

Bailer tube np.noku charges
Unusual primary explosives
Spotting charges for warheads
Explosiva detents

!ud_lcltou

Saoke and flash signale
Explosive or sguid switches
Certridges to uncage & gyroscops
Boosters

Pyrotechnic delay cartridges and detorators to open 1 belts
Deploy perachutes

Righ sltitude sounding grenedes



fanley Industries .

Explosive Components Losded for the Military and BASA
”
Delsy cartridges
Leads .
Detonators .o
Primers (electric and delay)
Squids
Explosive Bolts
Activators .

Bomd laftiators
Spotting charges

3oosters

TABLE 3

Ranley Industries
Buildicgs/Magenines in Which Loading and Mixieg of
Explosives were Conducted '
By 2oom
220 All rooms exmcept dasement
218A 102, 104, 105, 106, 107, 108, 109, 110, lll-. nz2, 113, 117, lfl.
123. Delsy powder losded i{n basement under Room 103.

2188 l.‘.ﬁ. 113, 113, 119, 123, 125, 127, 138-1, 126-2, l!&-!. 1284, 132
118C 104

219a Losding of smokeless powder throughout



TABLE &
Hanley Industries

Butlaing Usage N
P Other than for Loading and Mixing of Explosives

Blcy Area . Usage . P

2187 - AY] rooms not Hsu;l on Tedble 3 Non-explosive storage

168 Basement Eapty as non-explosfve storage -

216C Sasement Burning of explosive contaminated
rags

219 Never used |

2196 One time loading of explosives
for disposal during cleanup
operations K

219C, ) Orying of explosives

'O FO ' -

Jau

218t : ' Lead azide productlon

M e Storage of explosives tn sealed

other contatners

sage-

zineg .

210A | Adninistrative

*Fencing arrangements in the 228 area reportedly precluded both beneficial and
non-deneficiel use of magazines 228A, 8, C, D, G, N, O, and P by Hanley
Industries. The Goodfellow US Army Reserve Center reportedly used these
facilities intermittently for storage of equipment.

1



Ranlay Industries -

Cowpounds Utilised

l.uil’&tnhutc

Tetryl (2,4,6-Trinitcopbenyluatbyloltranins)
ax

®OL 130 (1gnition wmix)

AI8D (Ignition mix)

Black Powder

L

X (Cyclotetramethylenstetrsnitramine)
B0L 60 (iganicion wmix)

PETR (Pentaerythrite Tetranitrate)
Tetrecens

Silver azide

Smokeless powder

Trinitcoresorcinol

Disgodinitrophenol

Delay powder

Leed aitrate

Scdium aslde

H

o A _—t -

e e -



Iv. SUKVEY OVERVIEN.

A. Bistorical Study.

L)
Because Rasardous/Chemical Area No. 2 was & portion of the foreer SLOP,
it was necessary to determine if the property is contaminated with uploolve‘or
otheg hasardous wateriale prior to procesding with actions to disposs of the

property. As @ first step in the program an historical iavestigation was
conducted,

All available records were sesrched in an atteapt to define the past
operations which took place within the 27.88-acre area. This effort included
searching the following document repositories: WNational Pereonnel Records
Center, 5t. Louis, MD; Industriel Social Division of the National Archives,
Washington, DC; Washington Wational Records Center, Suitland, ND; Oftices of the
Kansas City District Corps of Engineers, Kansas City, MO; and the Ristoricsl
Office of the Army Armament Resdinees Command, Rock Island, IL.

In a further attempt to gain {nformation on the operations which took
place at the sits, old overhead imagery was obtained and studied. This

{nformat{on was ohtained from EPA's Vint Hill Parus Station at Viat Hill Parms,
Virginia. '

Although a large amount of {nformation was found, documeants specific to
building and magazine usage end decontamination were not located. BSeveral
docusents which would have been useful had been destroyed (Appendix B, paragraph
IV. B). Iaformation on building usage and past deconteminstion efforts would
have been extremely useful for: (a) tailoving the sampling and analysis
efforte; (b) dreving conclusions about the status of residual contamination
within the area with relstively littlc ssapling and analysis data; and (c)
slloving historical dats and chemical analysis dats to function as cross checks
of esch other.

Another means utilized to obtain information sbout past operations was
personnel interviews with current and former employees. This technique produced

some relevant informarion, however, the information could mot be corroborated by
other sources.

Over a 20 year period deginaing in 1959, Ranley lodustries, Inc., leased
a 16,68 acre portion of Hazardous/Chemical area No. 2, During this peried
Hraley manufactured exnloasive devices. Hanley personnel were coatacted to
sscertain the building usage during their lease.

Results from this first step of the program produced some informstion onm
vhich buildings would likely be conteminated snd with vhat materials., Although
the archives secarch revealed that renovation snd decoutamination operations were
conducted in the Hazardous/Chemical Area No. 2, ttere were no available

documents which described the operations,-or the level to which decontsmination
wae actuslly achieved,

12



3. Survay Effort.

Bistoricsl information sbuut Hasavédous/Chemical Area Mo. 2 led to the
development of a tadble of potential coataminents for which analydes would be
conducted. The contaminants for the GUSARC srea sre shown as Tadle 6. The
oumder of contaminants of concern was expanded for thes Ranley Area survey to
take into account operations occurring betwean 1959 and 1979 (Teble 7).

Information’ provuul by Hanley perssnnel led to the following
conclusions: . .

I. Samples would have to be collected and analyaed for the potential
contamingnts iisted on Tadble 7. _

2. The areas of potantial contamination tadulated on Table 8 would have
to b sampled.

3. BReavy setal contamination was considared to be unlikely in wost of
the wegazines ia the Hanley Arca as only a few of the msgazines were used by
Ranley and then ounly for the storage of explosire and supply items.

4. Hanley hed nover used the powder welli. “.he powder wells, unlike
the other structures, did not hava a 3X marking on them. Therefore, the powder
walls ia the Ranley Area wera considsred to heve s high potential for containing
explosive residues.

In order to select the locations for sempling, interior building
configuration dats were compared with the svailadle historical information.
Provided as Appendix C is a description of the various buildiegs and nguiuo
wvhich comprise Hazardous/Chemical Area No. 2.

. Ssupling and anslysis for the GUSARC Ares was parformed under contract
by 3sttelle Columbus Laboratories. The sampling affort was conducted im April
1979, and lgboratory enalysis in May 1979, Bhortly thereafter the DOL
representatives bdegen renovaeting portions of the property.

Sampling snd anslysies of the Hanley Area was initiated August 1980,
Thies was shortly sfter decontamination procedures were accomplished by Hanley
personnel in complience with lease termninstion requirements. Chemical enalyses
were performed in September and October 1980 with prelimimary results of must
anslyses svailable in November 1980. The ocsmpling and chemical analysis survey
of the Hanley Ares vwas also conducted under contract by Battslle Columbus
Laboratories.

The survey progras conducted et Hasardous/Chemicsl Area Mo. 2 utilised
state~of-the~art detecticn methodology for explosives. This program included a
cost effective mix of indicator sprays, thin leyer chromatography (TLC) enalyses
and snalyses of select ssmples by High Performan-o Liquid Chromstography.
Sampling efforts focused an the aress most lib: to contain contamination. The
sampling and enalyeis efforts were desipgnsd to irovide data which would form the
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TABLE 6

Potential Coatzminants

{n the GUIARC Arsa, SLOP
”

2,4,0~Trinitroresorcinel {styphoic acid (TMR))
Cyclotrimethylenetrinitenine (RDX)
3,4,6~Trinitrotoluene (THY)
Ritroglycerine (W) .
Ponteerythrite Totranitrate (PEBTH)
Bitrocellulose (NC)

Lead Styphnate (PbSty)

Tetrazsne (TETR)

Cadniuin (Cd)

Chromimm (Cr)

Lead (M)

YMercury (Bg)
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T™aNLE 7
Potential Contaminants
i the danlay Arsa, BLOP

2,4,6rrinitestoluens (THL)
2,8~ gnd 2,6-Dinltrotoluens {owT)
2.Q.G-hinitnphanyluth;lnit‘r-tu (Tetryl)
2,4,6-Trinitroresorcinol {Btyphnic Acid)
Cyeletotrnethyumntu;ltrum i)
Pantasrythrite Tetrenitrate (PETR)
Lesd Styphoate (Load 8slt of Bryphnic Actd)
Tetrazeas (TETR)
Ricroglycerina (NG)
Ritrocellulose (BC)
Lesd (M)
Silver (aAg)
Eickel (Ri)
Nsrcury (Hg)
Cheonim (Cr)

4aiw (C4)

5
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TARIE 8 '

Axeas of Toential Explosive Contamimstion

Hanley Arsa, BLOP

sui ldt:;llu;n foe .Aree
220 All rooms
s 15 rooms
2188 ’ 12 rooms
218C 1 roos and basement
2UBA All rooms
%, R, I, 0 ‘Taroughout
E 2196 Throughout
= 2278, L, P, 0 Throughout
226C, G Throughout
229 Throughout
Powder welle Throughout
Sower lines Throughuut
2270, N, N, l:.J. ‘;.""'""" Throughout
3 G, E D, C A
2268, F, €, D, B, A Throughout
E am’/L, ¥, 8,3, X Throughout
T -
228 Seriap
4] soit
EE Soils
i’ipe Tunnels
Ceawl Spaces

17
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basis for a conclusion abeut the preacnca of conteminants which would pose an
explosives safety hagzord. Indicator sprays wore applied and sweb samples were
collecied for TLC enalyoio where pooitive vesults were ubtgined from tha

"indicator sprays. Swipe samples were used to check for the prescnee of heavy

watal contamination on building interior surfaces. These samples wers then
telen to the laborstory for analyses by atomic Absorption Spectrometry.

The sampling of the Coodfellow US Army Reserve Cemter (13.2 acres)
included sampling the interior surfaces of 4] buildings and seven bunkers for
heavy astais and explosivgs. Spot sprays to detect the presence of explosives
\n:c‘utenlvdy applied on and sround floor drains and in cracke on floors and
ceilings.

The sampling of the Ranley Aru (14.6 ccru) {ncluded the survey of
seven buildings, 54 magaszines and 28 powder wells. All buildings and megazines
were checked for heavy metals and explosives on {aterior wall surfaces, in and
around floor drains, and in cracks end. drop ceilings. Powder wells and sewer

lines were ssmpled -and subjected to analyses for explosives and heavy metale., . :

In eddition to sampling and malylh the survey helndd s visual
faspaction of the grounds, buildinge and underground tunnele. During the .
wisual inspection dutunators were found dehind maparthe 219 (these were .

produced by Hanley, Inc.) im spite of the fact that Renley personnel bhad alresdy

cleaned up the area. (Thesa detonators were removed by Hanley personnel in
August 1980.) Inopection of the buildings in the Hanley Arca indicated that ia
several cases interior building walls vere constmcted of bhollow tile ln dlich

_explosives may have sccumulated.

C. Bvaluation of Data.

1. Explosives Cont-hct ion.

on the historical survey of the GUBARC area it was believed that only e few

bundin;a would have possibly beea conteminated. Analyticel dats revealed thnt_-'.' -

buflding interior surfaces were not contsminated.

In the Hanley Aroa; on the other hand, conthinutlm vas -d‘ouetd fa -.
several of the buildings and some of the magasines. The likelihood of
contemination in this ares was much higher because of operations conducted

during World War 11 and subsequently by Ranley Industries. This ares aleo - .

contained powder wells which served as drainage sumps for the buildings.

Certain powder welle showed trace levels of explosives ia the standing ut'o!”..

A third factor in the evalustion process was the configuration of
structures themselves. Aress vhare explosives could accumylate in quantities
posing a safety hazard are a concern. Building configurations were etudied to
deternine if there were such oreas. Plecoes of likely sccumulation were sampled.
However, sreas such-as hollow tiles and Orop veilings could not bs readily au
safely sampled.

7

Results of the historical study cd ‘the unpun and cnlnil e!!ort
wers used to infer the likelihood nf an explosives contamination problem. -Baged . - ¢




2. MNHeavy Metals.

Suipe samples were taken to obtain estimates of heavy metals levels on
surfaces within a given buflding. The resu'ts of sampling and analysis survey‘
of the GUSARC and the Hanley Area showed that heavy wetals (lead, mercury,

silver, nickel, cadefum, chromiuim) were present on the building interior
surfaces.

Based on levels measured on building interior walls inferences can be
made as to the ingestion hazard. On this basis several of the buildings are not
suitable for release due to lead contamination. With respect to occupational
usage of the butldings, as {s planned by DOL, the determination of a hazard
depends on the future specific use of the bufldings because the potential hazard
{s a function of the building use and the amount of material which will become
sfrborne as a result of that use. Afr montitoring during renovation and
occupancy would be necessary to assure compliance with OSHA Vimits. Air
monitoring of vacant structures as part of the survey program was judged not to

b: :f sufficient value over swipe sampling to warrant the additional expenditure
of funds.

0. Dsta Management.

Data collected in the field, f.e., sampling location, type of indicator
spray applied, were logged on field data sheets. This information was
transferred onto USATHAMA sampling and analysis forms, merged with laboratory
analysis result data, valfdated by the contractor and submitted to USATHAMA,
This dats was reviewed and validated by USATHAMA and entered into the USATHAMA

Data Management System where it was keyed to a computerized map of the Hanley
Area.

€. Actions Interim to Study Completion. )

1. Statement for Use of GUSARC.

The DOL requested that the GUSARC Area be made availagble 3s soon as
possible and that separate certifications be provided for each area; the GUSARC
area first, with the Hanley area certification provided shortly thereafter,

1.4
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Figure 5. Location of access bridge to end gasoline right-of-way
through the Handley Area.




V. COODFELLOW US ARMY RRSERVE CEWTER SURVRY BAMPLIEG AND ARALYSIS.

A. QGeneral. Nine multiple~chamber powder sumps; seven bunkers and 41
buildings were sampled for heavy metal and exploaive residues. The compounds of
interest are liated on Table 6. Summarized on Table 9 is the GUSARC ssmpling
program for the collection of samples to be analysed for uplonivn ard hoavy
estale.

B. RBe metals. The ssmpling for heavy uulo was accomplished by wiping
ons square meter of surface ares with a ten-inch dismeter Whatman No. 541 filter
paper which was wet with a 5-6 ul water/detergent solution prior to sempling and
placed in a sip-lock plastic bdeg. These swipe samples were analyzed for -
concentrations of lead, chromium and cadnium inductively coupled plasma
spectroscopy (Appendiz B, Mathods Descriptioas). Mercury analyses were
conducted using an ltule ebsorption spectrophotometer mathod.

C. lglootug.

1. Bpot Sprays. Preliminary evasluation of the presence of selected
enplosives was conducted by spraying building surfaces with reagents which give
positive color rvesponees in the presence of certsin explosive compounds. Four
different sprays wsis used to detect four differcet explosive classes. Bach
spray was applied to different locations within a one-meter square ares {with o
suitadle interval between spreys to prevent mixing of epray materials on the
building eurface). Oue hundred and seventy-seven spot spreys were applie!l in
the buildings and bdunkeves.

2. Mhin Lsyer Chromatography.

Pive samples wers collected with a cotton swad in duildings where
positive reactions to the spot sprays resulted. Physicel ssmples (oludge and
Guet) wers also collected and composited by building for enalysis using thiu
layer chromatogrephy (TLC).

3. Bigh Performance Liquid Chromatogrephy.

Vster senples from powder sumps ware exsmined using high performance
liquid chromatography (RPLC). HPLC analyses were also conducted to confirm the
presence of PETN and MG found as & result of conducting the TLC analyases.

71
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Figne 6. GUSARC Facilities contantinsted with hesvy metal vesidoes.
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Figures 7. GUSARC Magnines in which floor drains warw found to
tontain explosive residuss.



2. Physical Samples, Yater semples ﬁn collected ﬁn- five sewer
locstions. Yhese locct;onl wors sewers which drained powdsr wells, buildinge,

snd magasines in both the GUSARC snd Ranley Aress. All ssmples were placed in
pre~washed 300 ml brown glase bottles, labeled, and returned to the lnboutoh
for enalysie.

€. gglnino .

1. Spot Sprays.

. Tive difforent indicator sprays were used in each room to detect five
different explosive classes. Appendix D provides e full listing of epot spray
vesults a3 well as delinecation of which explosives can be detected with each of
the five espot spray tugenu. The spot spray methodology io described fully in
Appendix P,

Spray locstions included walls, drains, vents, pipes, window sills,
ceiling fixtures, wmachinery, ehelves, stalactites, and floors. Bubsequent to
the spray spplication, each location was ocutlined with a waterproof indelible
sarker. Theoe aress were mumbered (with the spot spray numbder) and recorded on
the data shests along with the spray results. Over 900 spot sprays were
applied. BRach ro= Liad five locations for spot episy spplicstion preselected.
Only one spot spray was applied to each location.

Spot spraying was continued in each room of sach duilding (magazines are
ons~room buildinga) until either all five sprays showed negative results at all
the locations selected for testing or until a positive reapounse was obtained to
ons of the spray reagente. Upon obtainment of a positive, & ewsd ssmple was
collected for the purpose of laboratory analysis to confirm the positive,

The responsiveness of each spray was checked st lesst once sach day by
spraying swabs which hed been dipped into a 0.012 perceant solution of the
respective compound. The sprayed evad was observed for the appropriate color
change. This procedvre constituted an snalysis of stendard samples.

2. Suadbs. Swad samples wers collected nesr each location where
positive results were obtained with the indicator sprays. Cotton tipped swabs
diped in scetone were used to collect these samples. The swabs were placed in
vials for subsequent compositing by magazine group or individual building and
laborstory analysis by TLC and HPLC for all exploeives listed on Table 2.

3. Physical Samples. A one )liter water sample was collected from each
of 28 powder wells. 1he sample was collected by submerging pre~wvashed, brown
alans containers below the surfgce and allowing the water to fill the bottles.
Contsiners wre capped, cooled, and returned to the laboratory for analysis,
Wrowr samples were alen collected (rom five sewar locations,

D. Survey Results.

J. Heavy Metal Contamination.

Swipe samples fur heavy metol analymes were composited by building
auasher and mayarine groupr and are reported 3R MICTORTSmA per square meter
iug/u7). Heavy meta)l concentrations ranged trom helow detectable limits 1o 24,

7.4



187, 32, snd 102 up/u? for silver, nickel, mercury, and cadnium, respectively.
Lead and chromium were found at concentratiots ¢bove dstectadle limite in all of
the buildinge (Pig. 8) surveyed. Concentvaticas of chrosivm rgnged from 26 to
315 ug/m?. Lesd concentrations ranged from 800 to 27,200 ug/m?. MNagasine 219E
which housed Hanley's lecd sside resctor (and which was the only building ia
which the glased tiles had bees paiuted) had the highest lesd concentrstion.
The sverage lead coaccntntlog for buildings in the Bmmley Area was found to be
slightly less than 6,000 ug/mé. An analytical method for lead axide is not
availadble and therefore lead concentrations must be.ubed to infer the possible
presence of lead agide. = . - o e e

Concentraticns of silver, mercury, and chrosium were belov detectable
lieite in all scwgr asmples. - Lead concentrations ranged from below detectable

linits to 230 ppb. Wickel coucentrations ranged from below detectable limits to |

113 ppd. i bl
2. !!ELS!!!E-ESEES!Aggs;QQ;w”ﬁ%ff:--f?

Iadicator epot sprays are capadle of detectiog the presencs of
explosives nitrite based substances above the lavel of 0.4 ug/w?. -Positive spot
spray vesults were obtained ia buildings 218A, 2183, 218C, 2194, 219D, 219G, sud
220. . Positive spot =pray results were also obteire+ in the following

| DX 228Y
2197 LA , 229K
2198 Coaam L avn
2193 S 210 . . -
nn a2 ¢

Physical samples (swads) to check for Pales positives were collece:d
from all rooms in all buildings and magasines which exhibited a positive root
spray result. Thees physical eamples were composited by building number -4 by
magacine group for addition.l enalysie using thin layer chrosatography (T°:") to
differantiste between positive responses dus to the presence of interferi-;
eateriales and positive responses dus to the presence of explosives.

Bigh Performance Liquid Chromatography (RPLC) wes used to quantify #MX,
a8 TLC wvae ineffective in identifying this compound, The sensitivity of :c-
BPLC nethod is three orders of sagnitude greater than the sensitivity of t e TLC
method. Therefore, MMX was detected in extremely minute quantities (0.00¢ -
0.03 ug/cul) as ia the following magasings: -219C, 219H, 227A, 2278, 2270, 228C,
and 226F. ST A

TLC end HPLC analyees confirmed the presence of explosives in buildings
218A, 2183, 218C, and 220. .TLC and RPLC enslyses sleo confirmed the presence of
explosive contanination in magasinas 219C, 210N, 2273, 227N, 2270, 228C a:

2287, Megatiye results were obtained for the 226 and 219 meganine series

The shaded areas shown on Plgure ‘-iuiuu the firet Cloor vooms in whic'

explosive residues were detected. The composite sample taken ir the atair ~11
g;:diu to the basement of building 218C shoved o positive resulr for PETN .4

2)
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Po, Ag. Ni, Hg, Cr, € €T
o, Ag, NI, Cr, €3 73
Pb, Ag, Ni, Hy, Cs, o1
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Figure 8, Hanley Ares facilities contaminated with hesvy metal residuss.



Figurw 9, Manley Ares facilities conteminsted with explosive
residues.
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Water samples from the powder wells were composited iato nine samples by
building or magasine group (mamimum of four semples per composite). Explosive
coapounds were not found ia any of the powder well samples sdbove ditecgable
linite except in those samples collected from the powder welle which received
efflusat froa buildings 218A and 2188, The composits semples from these powder
welle contsined 4.0 and 4.6 ppd of tetryl, respectively.

Rons of the sewar samplas coutained explosive compounds in
concentrations adove the detection limit of the method of analysis.

VIl. CORCLUBIONS,

A. Censral. Compositing of samples by individual building in those cases
where the bulldings contain many rooms or by magasine group was accomplished.
Analyses were largely qualitative in nature. Such en approach was necessitated
by the lack of historical inforuation on the nature of the installstion
oporations and deconteminstion by the nesd te conduct a cost effective survey.
Therefore, conclusions, for the most part, are drawn concerning the status of
contanination of entire buildings and groups of magssines. Conclusions
concerning specific facilities ara presented only where quantitative snalytical
sathods wers porfurmed on discrete ssmples.

8. Goodfellow US Army Reserve Cesnter

1. BReavy Metal Residues. As tabulated on Yable 10 and shown on Pig. 6,
heavy metal residues ere present on the walls of 27 dbuildinga and wagaszines.
Dus to the lack of inlormation concerning the historical use of duildiangs,
correlation between building usage and survey resulte is not poseible. The
conceatratioas of metals found on the interior building/magazine surfaces are
not considered a prodlem. Howaver, should these residues become sirdborne, an
fahalation hasard could result.

2. Explosive Residues. All bDuildings, magezines and sumps were found
to be free of explosive contamination except for magazines 232A, 232C, 232F, and
232C. The floor drains in these four asagazines were found to contain explosive
residves. A correlation between past usage and survey results is not possible
dus to the lack of informstion concerning the historical use of these wmagazines.

The levels of explosives srs far below the concentrations required to preseat an
explosive hasard.

C. The Hanley Area.

1. Hesvy Metal Residues.

As tabulated in Table !l and shown on Pig. B, heavy metal cesidues were
found on a1l building and magasine interior surfaces and in the discharge of the
severs. As most of the Hanley Area had baen used for primer and tracer mixzing
(operstions involving the use of metel bhased compounds) these results coincide
with the historical building usage. The higheat level of all -heavy metals
enalyzed for in the survey was found in magasine 219E. This can bde explaines .y
the fact that the glazed tile had heen painted or by the fact that the Hanley
Industries lead aride reactor was opersted in this masgasine,

AL




TABLE 10
Goodfallow US Arwy Resarve Canter

Survey Vindings
' \ Building/Magasine Findiege
223 438 Interview: Tracar Bullst Messufacturing.

Survey: Heavy mstel rasidues present on bduilding
surfaces.

34 Zaterview: Primer manufacturing.

gg_r;uz Beavy metal residuss present on duilding
surfsces.

2324, C, 84 C Records & Interviews: Uss unkaowm.

Burvey: Ruplosive reaiduce preseat in floor drains;
eavy motal residuss present on building surfaces

2WAA, B, 0 C ‘Records & lnterviews: Use unknown.
2234, 3, C, D, B,
and ¥ Survey: Mo hesvy metal or explosive residuse present
230; 23%F; 2378
233 & L;
:’u. .. c. '. '.
and I_
Wh; 2224; facords and lnterviews: Uss unkeowm
‘ 2328, D, 7, snd H; Survey: Heavy metal nﬂdun present on bduilding
231A, C, E, G, 0, end surfaces

r;
z"‘a .o co .n 'o 'o
G, end .

WOTR: Building spacific decontenination informetion is not availsble. However,

there is a record that duildings having explosive hassrds were decontsminated in
1945,



Butldin 21ne

s

2184, B Lnd c

219A, D and 6

23
219C and W
219t

2198, F, and J

229 Series

226 Series

TeLE 11
Hanley Ares
Survey Findingsl
o Findings

kecords and lnterviews: (a) Used for administrative
" ;gg'llﬂ!‘ﬂlﬂ"m’ Exp‘iosive Yaboratory (1959-

Survey: Explosive and heavy metal residues present.
hcords and lnurviews (a) Primers and tracer

ng Loading and wmixing of
oxp!omcs (1959-1979).

~ Syrvey: hplosin and heavy meta) residues present
Tn Eu‘\

dings. Yosive residues present in powder
wells draining 21 and B.

Records md lntervim (a) Primer and tracer mixing

ng of smokeless powder (219A)
and achinistrative space (2190 and G) from 1959-1979.
Survey: Heavy metal midues present.

llecords aml lntervlm (a) Appears to be a garage
not used. _

: g Ibavy mta! mMnes present.

Records and’ lntervim (a) 1941-1945 use unknown;
pen atr drytng ot explosives (1959-1979).
rvey: Eup’losin and heavy metal residues present,

Records and Interviews: (a) 1941-1945 use unknown.
{b] Tead azide production (1959-1979).
Survey: Heavy metal residues present,

Records and lntnrvim {a) Open atr drying of
explosives rning (in 219F and J) of
exp'losives 11959-1979) _ .
Survey: Heavy meta) residues present.

Records and Interviews: (a) 1941-1945 use unknown.
Tage of explosive end 1tems (1959-1979)
Survey: Heavy metal residues present,

Records and Interviews: (a) Explosive mixing opera-
ﬂ_—ﬂmﬁon; {87 Storage of explosives in sealed
containers {1959- l979|

Survey: Heavy metal residues present,
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2. BRaplosive Residues.
a. Bxplosives - General.

Bxplosive residues were found on the walle in buildings (218A, 2188, \
218C and 220) and magazines (219C, 219H, 227J, 22MM, 2270, 228C, 228F), as well
e {n the etanding water present in the powder walle draining buildinge 218A snd
2188. Ro explosives were detected in the discharge of the sewer system.

b. 2)8 Buildings. The presence of explosive residues in 2184, 2188,
and 218C coincides with the explosive loading, mixing and disposal operations
vhich were conducted in these buildings from 194) to 1979. The preeence of
tetryl in buildings 218A and 218B as well as in the powder wells connected to
thess buildings leads ta the conclusion that the drain lines from these
duildings to the powder wells aleo contain tetryl. The presence of drop
ceilinga, wooden roofs, and hollow tiles raise the concern that residues may
have accumulated on top of the ceilinges and within the walls,

¢. Building 220. T presence of explosive residues in this buildiog
is understandsble as this was Hanley's explosive laboratory. It is assumed that
the drains im thin building were used for disposing of emall quantities of
explosives. Building 220 has a cement ceiling which would keep any explosive
residuea from entering the top of the wall and aifting down through and
accumulating in the hollow tiles.

4. Magazines 2272, P, G, B, J, K, L, and ¥,

The results of th~ analyses on physical samples collected from magarines
227J and 227M show explosive contsmination (HMX and Tetryl) to be present st
sigrilicant levels. 4Ae¢ these two magazines are indicative of the contamination
present in the group of magazines, the group is considered to contain the same
leve. of contamination. The level found was commensuraste with the levels of
cont mmination found in buildings 218A, 2188, 218C and 220.

All of the magazines have drop ceiliage snd are constructed of wood. It
is : icluded that (heee magazines have a high poteatial to contain explosive
res’ ‘ues in the the walls and above the ceilings.

e. MNazasrinea 219C, 2198, 2270, 228C, and 228F.

These magazines were found to contain trece amounts of HMX in residues
sampind from the magarine interiors, The levels were at least two orders of
magr tuds lower than the levels found in other buildings and magarines (227€, F,
G, b ', K, L, and M), [t is concluded that these levels are not sufficient to
poss an exploswion hiazard but that low levelas of explosives could de present.
1t . further concluded that these levels are indicative of the trace levels of
con -Rination which may e predent in all of the wagsrines in the Hanlev Area.
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?. Powder Nells.

Tetry! was found only in the water in the seven poider 11s draining
butldings 218A and 21683. The studge in the powder wells could not be enalyzed
for explosives as a suitable analytical method is not availadle. Due to the

presence of sludge in each of the 28 -powder wells {t is concluded that explosive
restdues aay be preseat in the sludge {n each powder well.

VIll. Recommendations .
A. Soodfellow US Army Reserve Center Area
1. llei Meta) Contamination. Since there were no standards for the
heavy metal con '%’u’imﬂop Tound at the GUSARC, 1t was recommended that the DOL:

e. Conduct air monitoring for heavy metals to assure compliance -m.h
OSHA standards; and : '

b. Sample the V{quid discharge from the sewer system to essure
compliance with the discharge standards of the city of St. Louis.

2. Magazines 232A, 232C, 232¢ and 232G. In regard to the explosive
restdues found In the floor drains of sagazines 232A, 232C, 232E, and 232G the
following recommendations were provided: .

8. The floor drains should be scraped of all residue prior to
connecting the gutters to the floor drains. . :

b. Floor drains which will not be used should de cleaned (to ensure

that no large accumulations of explosives are present) and then filled with
concrete.

c. Pipes should not be welded onto existing pipes, rather, molten lead
packing should be used. ’

d. Flame producing machinery associated with the renovation operations
should be operated outside of the magazines. :

8. Hanley Ares.

1. HKeavy Metal Contemination. As the dbuildings and magazines in the
Hanley Area wiT1 be demoYished, the Tevels of heavy metals found on the
butlding/magazine surfaces should pose no problem. Air monftoring or the use of
respirators during rip-out operations {s recommended. The Viquid discharge from
the sewer system should be sampled to sssure compliance with the discharge
standards of the city of St. Louis.

2. Buildings 218A, 2188, 218C, and 220. These buildings should

be flashed TconsVderatTon could Be glven to the possidbility of chemically

neutralizing duilding 220, however, flashing ts the recommended decontamination
procedure). ln ovder to avold hazards associated with airbarne asbestos, all
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asdestos aaterials must be removed prior to burning. The drain Yines leading t§
the powder weolls dnin!ng butldings 218A and 2188 should be removed and flashed.
T:n drain lines from building 220 to the sewer main should 21so be resoved and

3. Magazines 227E, F, 6, H, J, K, L, and N. The magazines in this
group should é flashed prior t ﬁﬂﬂm. AIT asbestos materfals must be
removed prior to “urnine to avoid generating an asbestos inhalation hazard.

6. Remainder of Hanley Area.

8. Renovation and demo'{tion operations involving all other magazines
ané buildings in the Hanley Area ghould be conducted without the use of spark or
fName producing machirery. A1 work in the Hanley Area should be carried out
under the guidance of a safety officer and with the understanding that
undetected levels of explosives may exist.

b. Al drain lines should be clesned and f1lled with concrete.

C. Access to the Hanley Area should be controlled until all
decontamination/demolition work s completed.

C. General. The following recommendations are applicable to bith the
Goodfellcw US Ary Reserve Center Area and the Manley Area.

1. A1) work in these areas should be overseen by perso . knowledgeable
of the contamination.

, 2. Personnel involved in decontamination activities shoul¢ rot work
alone.

3. A complete record of 211 decontamination actions shoulc de
nainteined in order to verify the adequacy of the decontamination. This record
should include numbers and names of demolition techniques employed.

4. Flame producing devices should not be used before decontamination,

5. Standard operating procedures (SOP's) should be prepared for all
operations conducted in the contaminated portions of SLOP. An example of such
an SOP s found at Appendix G.

6. A1) powdar wells and sumps containing sludge should be drained of
their contents and the sumps and wells should be flashed.

7. Flashing entails subjecting the potentially contaminated surface to
2 hot fire in order to destroy the explosive material. In the case of the
butldings, magazines, drain Yines, sumps, powder wells, and sludges from the
powder wells at SLOP for which flashing {s recommended, "flashing" can only ve
achieved by tntal burning. (It {s noted that solvents and steam Cleaning are
constdered cttective decontamination procedures only when complete inspectiun
can be given to all surfaces to assume decontamination has occurred),

8. thould open burning of buildings and magazines pose a prodblem
because of the Jocation of S10P, a technique which has been used suciessfyully 1
8 charcoal tire. This technique produces & high temperature, controlled burn
with tar less smobe and flame.

3
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